An Investigation of the Extinction of the Freezing Component of the Cer After Frontal Ablation. by Mcintire, Roger Warren
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1962
An Investigation of the Extinction of the Freezing
Component of the Cer After Frontal Ablation.
Roger Warren Mcintire
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Mcintire, Roger Warren, "An Investigation of the Extinction of the Freezing Component of the Cer After Frontal Ablation." (1962).
LSU Historical Dissertations and Theses. 786.
https://digitalcommons.lsu.edu/gradschool_disstheses/786
This d issertation has been 63-2780
-m icrofilm ed exactly a s received
.*>
McINTlRE, Roger Warren, 1935- 
AN INVESTIGATION OF THE EXTINCTION OF THE 
FREEZING COMPONENT OF THE CER AFTER 
FRONTAL ABLATION.
Louisiana State University, Ph. D . , 1962 
Psychology, experim ental
U niversity  Microfilms, Inc., A nn Arbor, M ichigan
IAN INVESTIGATION OP THE EXTINCTION OP THE FREEZING 
COMPONENT OP THE CER AFTER FRONTAL ABLATION
A D i s s e r t a t i o n
S u b m i t t e d  t o  t h e  G r a d u a t e  F a c u l ty ,  o f  t h e  
L o u i s i a n a  S t a t e  U n i v e r s i t y  and  
A g r i c u l t u r a l  a n d  M e c h a n ic a l  C o l le g e  
i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  
D o c to r  o f  P h i l o s o p h y
i n
The D e p a r tm e n t  o f  P s y c h o lo g y
by
R oger W a r re n  M c l n t i r e  
B. A . , N o r t h w e s t e r n  U n i v e r s i t y ,  1958 
M. A . ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  i 960  
A u g u s t ,  1962
ACKNOWLEDGMENT
The a u t h o r  i s  e x t r e m e l y  g r a t e f u l  t o  Dr. A. C.
Pereboom  f o r  h i s  h e l p f u l  c r i t i c i s m s ,  t i m e ,  a n d  a d v i c e  
d u r in g  t h e  c o m p l e t i o n  o f  t h i s  r e s e a r c h .  D r s .  B. A.
Maher and D. J .  L e w is  g a v e  w elcom ed  a d v i c e  i n  t h e  
f o r m u l a t i o n  o f  t h e  p r o b le m .  D r s .  H. E, Adams, G eo rg e  
K e n t ,  J o h n  R. S t a b l e r ,  and  Edw in 0 .  Timmons, members o f  
t h e  e x a m in in g  c o m m i t t e e ,  w ere  h e l p f u l  i n  th e  c o m p le t io n  
o f  t h i s  m a n u s c r i p t .  S p e c i a l  t h a n k s  a r e  a l s o  due t o  
Thomas B reen  f o r  h i s  i n v a l u a b l e  a s s i s t a n c e  i n  s u r g e r y  
a n d  p o s t  m ortem  e x a m i n a t i o n s ,  G eorge Forman i s  a p p r e c i a t e d  
f o r  h i s  e f f o r t  i n  t h e  p r e p a r a t i o n  o f t h e  i l l u s t r a t i o n s  i n  
t h e  m a n u s c r i p t .
The a u t h o r  i s  f o r e v e r  i n d e b t e d  t o  h i s  w i f e ,  C a r o l i n e ,  
w i t h o u t  w hose  t i m e ,  e f f o r t ,  a n d  l o y a l t y  t h i s  m a n u s c r i p t  




TITLE PAGE. . . . . . . . . . ..................................................   i
ACKNOWLEDGMENT  ................................................................................  i i
LIST OE T A B L E S...................................................................................   i v
LIST OF F I G U R E S ...........................................................................................  V
ABSTRACT.................................................................................................................... v i
I  INTRODUCTION .............................................................................................• 1
I I  METHOD........................................................................................................... 7
A p p a r a tu s  .  .......................................................    7
S u b j e c t s  ......................................................................................................  8
R e sp o n se  M ea su re s  . .    . . . . . .  8
P r o c e d u r e ................................................................................................ 10
I I I  R E S U L T S .....................................................................................    114-
CUR and C o n d i t i o n e d  S u p p r e s s i o n  M ea su re s  . . . .  llj.
T o t a l  B a r - p r e s s i n g ............................................................................ 20
T o t a l  A c t i v i t y ...................................................................................... 20
IV D ISCU SSIO N ..................................................................................................... 22
The Loss o f  F r e e z i n g  i n  Group L ...........................................  22
The P a r t i c u l a r  Locus o f  t h e  L e s i o n s .................................  23
V SUMMARY  .......................................................................    29
BIBLIOGRAPHY..................................................   .    32





1 O p e r a t i o n a l  I l l u s t r a t i o n  o f  t h e  R a t i o n a l e  . . .  5
2 A n a l y s i s  o f  V a r i a n c e  o f  t h e  P o s t - o p e r a t i v e




1 Schema o f  t h e  E :x p e r im e n ta l  E n v i r o n m e n t ......................  8
2 B a r - p r e s s i n g  and  A c t i v i t y  d u r i n g  CER
A c q u i s i t i o n   .......................................................................  15
3 The B r a i n  Maps  ...............................................  17
I4. B a r - p r e s s i n g  and  A c t i v i t y  on P o s t - o p e r a t i v e
Days  ......................................................................................  19
5 The R e l a t i v e  P o s i t i o n s  o f  t h e  L e s io n s  . . . . .  2i|.
v
ABSTRACT
A p r e v i o u s  r e s e a r c h  p a p e r  h a s  s u g g e s t e d  t h a t  t h e  
i n s t a n t a n e o u s  e x t i n c t i o n  o f  t h e  f r e e z i n g  com ponen t o f  an y  
c o n d i t i o n e d  e m o t i o n a l  r e s p o n s e  (CER) f o l l o w i n g  f r o n t a l  
a b l a t i o n  i s  due t o  i n c o m p a t i b l e  h y p e r a c t i v i t y  r e s u l t i n g  
f ro m  t h e  s u r g e r y .
T h is  s t u d y  was d e s ig n e d  t o  t e s t  t h i s  h y p o t h e s i s  an d  
one a l t e r n a t i v e  t o  i t  w h ic h  i s  t h a t  t h e  f r o n t a l  l e s i o n  h a s  
a n  e f f e c t  s p e c i f i c a l l y  d e c r e m e n t a l  t o  t h e  f r e e z i n g  co m p o n en t .
D u r in g  t h e  a c q u i s i t i o n i n g  o f  a  b a r - p r e s s i n g  h a b i t ,  a  
c o n d i t i o n i n g  p a r a d ig m  ( b u z z e r  an d  s h o c k )  was i n t r o d u c e d  
d u r i n g  t r a i n i n g  s e s s i o n s .  T h u s ,  t h e  s u b j e c t  e x h i b i t e d  b o t h  
c o n d i t i o n e d  s u p p r e s s i o n  o f  b a r - p r e s s i n g  and  t h e  b e h a v i o r  
syndrom e o f  t h e  CER.
Two d i f f e r e n t  l e s i o n s  w ere  t h e n  p e r f o r m e d ;  one  was a  
b i l a t e r a l  l e s i o n  i n  t h e  m o s t  a n t e r i o r  a r e a  o f  t h e  f r o n t a l  
a r e a ,  and  t h e  o t h e r  was a l a t e r a l  l e s i o n  s l i g h t l y  p o s t e r i o r  
t o  t h i s .
The m o s t  s i g n i f i c a n t  f i n d i n g s  w ere  t h a t :  ( 1 )  o n ly  t h e  
r e s p o n s e  s t r e n g t h  o f  t h e  f r e e z i n g  com ponen t o f  t h e  c o n d i ­
t i o n e d  syndrom e o f  b e h a v i o r s  was r e d u c e d  by t h e  o p e r a t i o n s ,  
and  (2 )  t h i s  e f f e c t  was fo u n d  o n l y  i n  t h e  g ro u p  w i t h  t h e  
l a t e r a l l y  l o c a t e d  l e s i o n .
vi
INTRODUCTION
S t a t e m e n t  o f  t h e  P ro b le m
The p u r p o s e  o f  t h i s  s t u d y  i s  t o  p r e s e n t  e v i d e n c e  
c o n c e r n i n g  t h e  e f f e c t  o f  two t y p e s  o f  f r o n t a l  a b l a t i o n s  on 
r e t e n s i o n  o f  p r e v i o u s l y  a c q u i s i t i o n e d  i n s t r u m e n t a l  an d  emo­
t i o n a l  r e s p o n s e s  i n  t h e  w h i t e  r a t .
R e c e n t  L i t e r a t u r e
S e v e r a l  s t u d i e s  o f  t h e  l a s t  d e c a d e  h a v e  a t t e m p t e d  t o  
d e t e r m in e  t h e  e f f e c t  o f  f r o n t a l  a b l a t i o n  on a n x i e t y .  I n  
t h e s e  s t u d i e s ,  t h e  m e a s u re m e n t  o f  a n x i e t y  was t h e  s t r e n g t h  
o f  a  r e s p o n s e  w h ic h  i n  some way was a n t i c i p a t o r y  o f  a  n o x ­
i o u s  s t i m u l u s  s u c h  as  f r e e z i n g  o r  d e f e c a t i n g .  T h i s  r e s p o n s e
was c o n s i d e r e d  t o  be  m o t i v a t e d  b y  a n x i e t y  o r  f e a r .  Some
p r e v i o u s  s t u d i e s  h a v e  s u g g e s t e d  t h a t  an y  d e c r e m e n t  i n  t h i s  
r e s p o n s e  i n d i c a t e d  a  d e c r e m e n t  i n  t h i s  m o t i v a t i o n  (K ahn ,
1 9 5 3 ; L i c h e n s t e i n ,  1 9 5 0 ; S t r e b  & S m i th ,  1955)*
The a s s u m p t i o n  h e r e  t h a t  a  d e c r e m e n t  i n  t h e  s t r e n g t h  
*
o f  one r e s p o n s e  h a s  come a b o u t  b e c a u s e  o f  a g e n e r a l  d e c r e ­
m en t i n  m o t i v a t i o n  and  n o t  b e c a u s e  o f  a  p h y s i c a l  a s s a u l t  
on a r e s p o n s e  m ech an ism  h a s  b e e n  s u p p o r t e d  i n  some a d d i ­
t i o n a l  r e c e n t  s t u d i e s  w h e re  s e v e r a l  r e s p o n s e  m e a s u re s
show ed a  d e c r e m e n t .  T h e se  r e s p o n s e s  w ere  c o n d i t i o n e d  t o  
s t i m u l i  p a i r e d  w i t h  a  n o x io u s  s t i m u l u s .  Hunt (1 9 5 6 )  dem­
o n s t r a t e d  a c o m b in a t io n  o f  r e s p o n s e s  c a l l e d  t h e  CER ( c o n d i ­
t i o n e d  e m o t i o n a l  r e s p o n s e )  w h ic h  i n c l u d e d  f r e e z i n g  and  
d e f e c a t i o n  as  r e s p o n s e s  l e a r n e d  t o  a  c o n d i t i o n e d  s t i m u l u s .  
S t r e b  and  S m ith  (1 9 5 5 )  r e p o r t  t h a t  t h e  f r o n t a l  a b l a t i o n  r e ­
s u l t e d  i n  a  d e c re m e n t  i n  t h e  CER a n d  c o n c lu d e  t h a t  f r o n t a l  
a b l a t i o n  r e d u c e s  a g e n e r a l  m o t i v a t i o n ,  a n x i e t y .
M aher and  M e I n t i r e  ( i 9 6 0 ) ,  i n  a  p a r t i a l  r e p l i c a t i o n  o f  
t h e  S t r e b  and  S m ith  s t u d y ,  f o u n d  t h a t  a l t h o u g h  f r o n t a l  a b l a ­
t i o n  d i m i n i s h e d  t h e  f r e e z i n g  r e s p o n s e ,  t h e  d e f e c a t i o n  compo­
n e n t  o f  t h e  CER re m a in e d  u n a f f e c t e d .  They p o i n t  o u t  t h a t  t o  
c o n t i n u e  t o  h o l d  t o  t h e  h y p o t h e s i s  t h a t  f r o n t a l  a b l a t i o n  
a b o l i s h e s  o r  r e d u c e s  some s i n g l e  m o t i v a t i o n a l  s t a t e  c a l l e d  
a n x i e t y  i s  n o t  p o s s i b l e  i n  t h e  l i g h t  o f  t h e i r  d a t a  u n l e s s  
one e i t h e r  p o s t u l a t e s  two o r  m ore  m o t i v a t i o n a l  s t a t e s  o r  
s e e k s  some e x p l a n a t i o n  o f  t h e  s p e c i f i c  d e c r e m e n t  i n  f r e e z ­
i n g .
One o f  t h e  a l t e r n a t i v e s  t o  t h i s  l a t t e r  p o s s i b i l i t y ,  
w h ic h  i s  p r e s e n t e d  by M aher and  M c l n t i r e ,  i s  t h a t  a  g e n e r a l  
i n c r e a s e  i n  m o t i l i t y  ( h y p e r a c t i v i t y )  f o l l o w i n g  f r o n t a l  
a b l a t i o n  i s  a c c o m p a n ie d  b y  a  d e c r e m e n t  i n  r e s p o n s e  s t r e n g t h  
o f  an y  d i s c r i m i n a t i v e  r e s p o n s e  n o t  c o m p a t i b l e  w i t h  h y p e r ­
a c t i v i t y  an d  w o u ld ,  o f  c o u r s e ,  i n c l u d e  f r e e z i n g .  T h is  
e f f e c t  h a s  b e e n  d e m o n s t r a t e d  i n  t h e  b a r - p r e s s i n g  o f  monkeys 
( F r e n c h ,  1 9 5 9 )»  i n  & r a t ’ s f a i l u r e  t o  r e d u c e  s p e e d  a t  t h e
end  o f  a  runw ay  ( E p s t e i n  & M organ, I 9J4.3 )» an d  i n  t h e  f r e ­
q u e n c y  o f  e r r o r s  I n  ?. d i s c r i m i n a t i o n  p r o b le m  w i t h  r a t s  
(M aher ,  1955)*
H ow ever, i f  t h e  h y p e r a c t i v i t y  n o t i o n  i s  t o  be a d e ­
q u a t e l y  i n v e s t i g a t e d ,  d a t a  c o n c e r n i n g  i t s  r e l a t i o n s h i p  t o  
t h e  s p e c i f i c  a r e a  dam aged m u s t  be c o n s i d e r e d .  R i c h t e r  
an d  Hawkes (1 9 3 9 )»  m e a s u r in g  a c t i v i t y  i n  a r e v o l v i n g  drum , 
fo u n d  t h a t  a c t i v i t y  i n c r e a s e s  i n  f r o n t a l  a n i m a l s .  E e a c h  
( 19 l | l )  f o u n d  t h a t  o n l y  75$  o f  h i s  f r o n t a l  a n im a l s  becam e 
h y p e r a c t i v e .  The I n c o n s i s t e n c y  o f  t h e  e f f e c t  l e a d  Zubeck  
and  D eL orenzo  (1 9 5 2 )  t o  h y p o t h e s i z e  t h a t  t h e  p l a c e m e n t  o f  
t h e  l e s i o n  w i t h i n  t h e  f r o n t a l  a r e ^  was a n  e f f e c t i v e  v a r i ­
a b l e .  T h re e  d i f f e r e n t  l e s i o n s  w ere  p e r fo r m e d  i n  t h e  Z u b eck -  
D e lo r e n z o  s t u d y :  (1 )  f r o n t a l - l a t e r a l ;  (2 )  f r o n t a l - d o r s a l ,  
an d  (3 )  a l l  c o r t i c a l  a r e a  a n t e r i o r  t o  l e v e l  f o u r .  R e s u l t s  
w ere  I n c o n s i s t e n t  w i t h i n  t h e  e x p e r i m e n t a l  g ro u p s  e x c e p t  i n  
t h e  g ro u p  r e c e i v i n g  the... e x t e n s i v e  f r o n t a l  l e s i o n .  A l l  o f  
t h e s e  a n im a ls  w ere  h y p e r a c t i v e  p o s t - o p e r a t i v e l y .  T h u s ,  
t h e r e  I s  t h e  q u e s t i o n :  Damage t o  w h ic h  a r e a  b r i n g s  a b o u t  
t h e  d e c r e m e n t  I n  f r e e z i n g ?  T h is  I s  i n  a d d i t i o n  t o  t h e  
q u e s t i o n  c o n c e r n in g  t h e  n a t u r e  o f  t h e  d e c r e m e n t .
I s  t h e  r e d u c t i o n  i n  t h e  f r e e z i n g  r e s p o n s e  o f  t h e  CER 
a f t e r  f r o n t a l  a b l a t i o n  d u e  t o  i t s  i n c o m p a t i b i l i t y  w i t h  
h y p e r a c t i v i t y  o r  i s  i t  t h a t  t h e  f r o n t a l  a b l a t i o n  i s  d o in g  
some s e l e c t i v e  damage t o  t h e  f r e e z i n g  r e s p o n s e  m ech an ism  
i t s e l f  s u c h  as  re m o v in g  i t s  m o t i v a t i o n  ( a n x i e t y ) ?  I n  t h e
l a t t e r  c a s e ,  o t h e r  b e h a v i o r s  o u g h t  to  show no d e c r e m e n t .
I n  t h e  f o r m e r ,  o t h e r  b e h a v i o r s  o u g h t  t o  a l s o  b e  I n t e r f e r e d  
w i t h  b y  h y p e r a c t i v i t y .  Thus th e  p u r p o s e  o f  t h i s  p r o p o s e d  
s tu d y  c a n  now be m ore s p e c i f i c a l l y  s t a t e d ;  t o  g i v e  e v id e n c e  
c o n c e r n i n g ;  ( 1 ) t h e  W o p o s s i b l e  e x p l a n a t i o n s  o f  t h e  e f f e c t  
o f  f r o n t a l  l e s i o n s  on  t h e  f r e e z i n g  com ponen t o f  t h e  CER, 
an d  ( 2 ) w h ic h  a r e a s  w i t h i n  t h e  f r o n t a l  a r e a  a r e  i n v o l v e d .
R a t i o n a l e
The r a t i o n a l e  i n v o l v e d  i n  t h e  f o l l o w i n g  p r o c e d u r e  
s e c t i o n  i s  t h a t  i f  t h e  i n t e r f e r e n c e  e f f e c t  o f  h y p e r a c t i v i t y  
i s  r e s p o n s i b l e  f o r  t h e  d e c r e m e n t  i n  f r e e z i n g ,  t h e n  a d e c r e ­
m en t i n  o t h e r  m o to r  a c t i v i t i e s  o u g h t  t o  o c c u r  a s  w e l l ,  
w h e t h e r  m o t i v a t e d  by a n x i e t y  o r  n o t .  On t h e  o t h e r  h a n d ,  i f  
t h e  f r o n t a l  a b l a t i o n  i s  d o in g  s o m e th in g  s e l e c t i v e  t o  t h e  
f r e e z i n g  r e s p o n s e ,  s u c h  as  r e m o v in g  i t s  p a r t i c u l a r  m o t i ­
v a t i o n ,  t h e n ,  w i t h  t h i s  re m o v e d ,  o t h e r  l e a r n e d  m o to r  a c t i v ­
i t y  o u g h t  t o  r e s u m e .  T h ese  two e x p l a n a t i o n s  a r e  
o p e r a t i o n a l l y  i l l u s t r a t e d  i n  T a b le  1.
Some o t h e r  m e a s u r a b le  r e s p o n s e  m u s t  be made a v a i l a b l e  
t o  3 a s  w e l l  as  t h e  CER. The i l l u s t r a t e d  o p e r a t i o n s  s u p p ly  
s u c h  a  s i t u a t i o n  b y  p r e s e n t i n g  t h e  CER t r a i n i n g  i n  an  e n v i ­
ro n m e n t  i n  w h ic h  S may c o n t i n u o u s l y  p r e s s  a  b a r  f o r  f o o d  
( o p e r a t i o n s  1 and  2 ) .  T h u s ,  when t h e  c o n d i t i o n e d  s t i m u l u s  
comes on  i n  t h e  f i r s t  p h a s e  o f  a  C E R - t r a i n i n g  t r i a l ,  S 
f r e e z e s  (CER) and s t o p s  p r e s s i n g  t h e  b a r  ( c o n d i t i o n e d
TABLE 1
5
O p e r a t i o n a l  I l l u s t r a t i o n  o f  t h e  R a t i o n a l e
Column 1 Column 2 Column 3
O p e r a t i o n A l t e r n a t i v e  One 
( i n t e r f e r i n g  
h y p e r a c t i v i t y )
A l t e r n a t i v e  Two 
( s e l e c t i v e  damage 





B a r - p r e s s i n g  a c q u i s i t i o n
C o n d i t i o n e d  s u p p r e s s i o n  and  CER a c q u i s i t i o n
A b l a t i o n
O bserv e  d e c r e a s e  i n  
f r e e z i n g  d u r i n g  CS, 
b u t  no r e s u m p t i o n  o f  
b a r - p r e s s i n g
O b se rv e  d e c r e a s e  
i n  f r e e z i n g  d u r i n g  
CS, and  r e s u m p t i o n  
o f  b a r - p r e s s i n g
s u p p r e s s i o n ) .  Now i f  t h e  f r o n t a l  a b l a t i o n  ( o p e r a t i o n  3 ) 
rem oves  t h e  a n x i e t y  f o r  f r e e z i n g ,  t h e n  t h e  b a r - p r e s s i n g  
s h o u ld  re su m e  ( o p e r a t i o n  If., c o l .  1 o f  T a b le  1 ) .  I f ,  
h o w e v e r ,  t h e  p r o d u c e d  g e n e r a l  h y p e r a c t i v i t y  i s  i n t e r f e r i n g  
w i t h  f r e e z i n g ,  t h e n  b a r - p r e s s i n g  s h o u l d  n o t  re su m e  b e c a u s e  
h y p e r a c t i v i t y  s h o u ld  a l s o  i n t e r f e r e  w i t h  i t  ( o p e r a t i o n  if., 
c o l .  2 o f  T a b le  1 ) .  T h e r e f o r e  t h e s e  a r e  t h e  two a l t e r n a ­
t i v e s  f o r  t h i s  s t u d y .
A l t e r n a t i v e  One
As a  r e s u l t  o f  an y  f r o n t a l  l e s i o n ,  t h e  f r e e z i n g  a lo n e  
w i l l  b e  e l i m i n a t e d :  b a r - p r e s s i n g  c a n  now r e t u r n  when t h e  CS 
( b u z z e r )  i s  p r e s e n t e d .
A l t e r n a t i v e  Two
As a  r e s u l t  o f  an y  f r o n t a l  l e s i o n ,  n o t  o n l y  w i l l  f r e e z ­
in g  be  e l i m i n a t e d ,  b u t  g e n e r a l i z e d  h y p e r a c t i v i t y  w i l l  o c c u r  
b a r - p r e s s i n g  c a n n o t  now r e t u r n  when t h e  CS ( b u z z e r )  i s  
p r e s e n t e d .
METHOD
• Ap p a r a t u s . A M odel A -101 S k i n n e r - b o x  s u p p l i e d  by  th e  
S c i e n t i f i c  P r o t o t y p e  M a n u f a c tu r in g  Co. was u s e d  to  c a r r y  
o u t  a l l  t r a i n i n g  ( s e e  F i g u r e  1 ) .  The b a r  was a d j u s t e d  so  
t h a t  t h e  m in im a l  am ount o f  v e r t i c a l  p r e s s u r e  n e c e s s a r y  t o  
a c t i v a t e  t h e  m i c r o - s w i t c h  a t t a c h e d  was 25 gm. A b r a s s  
f o o d  cup was s i t u a t e d  t o  t h e  l e f t  o f  t h e  b a r  i n  t h e  c o r n e r .
A tu b e  c o n n e c te d  t h e  cup t o  an  e l e c t r i c a l l y  o p e r a t e d  f e e d e r  
o u t s i d e  t h e  S k i n n e r - b o x .
The w a l l s  t o  e i t h e r  s i d e  w e re  made o f  p l e x i g l a s s .  
M ounted o u t s i d e  t h e  w a l l  t o  t h e  r i g h t  o f  t h e  b a r  w ere  two 
s h i e l d e d ,  p h o t o - s e n s i t i v e  r e s i s t o r s ,  1 i n .  f ro m  e a c h  end 
an d  1 i n .  a b o v e  t h e  f l o o r .  D i r e c t l y  o p p o s i t e  t h e s e  r e s i s ­
t o r s  and  j u s t  o u t s i d e  t h e  o t h e r  w a l l  w ere  two l i g h t  s o u r c e s  
f o c u s s e d  on t h e  r e s i s t o r s .  The e n t i r e  a p p a r a t u s  t h u s  f a r  
d e s c r i b e d  was p l a c e d  i n  a  s o u n d p r o o f  b o x  w h ic h  c o n t a i n e d  a 
b u z z e r .  When a c t i v a t e d ,  t h e  b u z z e r  r a i s e d  t h e  n o i s e  l e v e l  
1 d b .  i n s i d e .  The d o o r  t o  t h e  s o u n d p r o o f  b o x  c o n t a i n e d  a  
o n e -w ay  m i r r o r  w h ic h  was 2 i n .  f ro m  t h e  l e f t  p l e x i g l a s s  
w a l l  w hen t h e  a p p a r a t u s  was c l o s e d .  An e l e c t r i c  f a n  m o u n ted  
o v e r  a  h o l e  i n  t h e  to p  p r o v i d e d  a  m a sk in g  w h i t e  n o i s e .
The p h o t o c e l l s  a c t i v a t e d  a  c o u n t e r  g i v i n g  a  m e a su re  o f  
t h e  a c t i v i t y  o f  S b y  r e c o r d i n g  t h e  num ber o f  t im e s  S b r o k e
^vZsOUNO
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t h e  l i g h t  beams i n  t h e  S k i n n e r - b o x .  A l l  r e c o r d i n g  and 
p r o g ra m in g  e q u ip m e n t  was o u t s i d e  t h e  s o u n d p r o o f  b o x .
The r e c o r d i n g  o f  b a r - p r e s s e s  and  p r e s e n t a t i o n  o f  r e ­
w a rd s  was c o n t r o l l e d  by  a  P o r i n g e r  p r o g r a m e r  w h ic h  c o u ld  be 
w i r e d  f o r  any  r a t i o  s c h e d u l e .  A ls o  a  P o r i n g e r  s h o c k  
s c r a m b l e r  was u s e d  when s h o c k  was d e l i v e r e d  t o  t h e  g r i d  
f l o o r  o f  t h e  S k i n n e r - b o x .
A f o u r  c h a n n e l  e v e n t  r e c o r d e r  was em ployed  t o  r e c o r d  
t h e  f o l l o w i n g  two d e p e n d e n t  and  two in d e p e n d e n t  v a r i a b l e s  
s i m u l t a n e o u s l y  a s  a f u n c t i o n  o f  t i m e :  ( 1 ) b a r - p r e s s e s ;
( 2 ) a c t i v i t y  ( t h e  two d e p e n d e n t  v a r i a b l e s ) ,  and  ( 3 ) b u z z e r  
p r e s e n t a t i o n s ,  and  (L{.) s h o c k  ( t h e  two i n d e p e n d e n t  v a r i ­
a b l e s . )
C o n t r o l l i n g  t h e  r e c o r d e r ,  b u z z e r ,  and  sh o c k  was a 
p r o g r a m e r  s i t u a t e d  i n  a  so u n d  d e a d e n in g  b o x  i n  a n  a d j a c e n t  
room. T h is  e q u ip m e n t  c o n s i s t e d  o f  a  t im e  s w i t c h ,  and  
s e v e r a l  d e l a y  r e l a y s  c o n s t r u c t e d  i n  o r d e r  t h a t  E c o u ld  s e t  
t h e  p ro g ra m  so  t h a t  a t  a n y  p r e d e t e r m i n e d  t im e  th e  b u z z e r  
w ould  so u n d  and  60  s e c .  l a t e r  t h e  b u z z e r  w ou ld  go o f f  a n d ,  
i n s t a n t a n e o u s l y ,  s h o c k  w ou ld  come on f o r  2 s e c .
Su b j e c t s . Tw elve 1 1 0 - d a y - o l d  m a le  a l b i n o  r a t s  o f  t h e  
S p ra g u e -D a w le y  s t r a i n  w ere  u s e d  and w e ig h e d  f ro m  3 5 °  t o  
365  gm. a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t .
R e sp o n se  Me a s u r e s . I n  a d d i t i o n  t o  b a r - p r e s s i n g  and  
a c t i v i t y ,  t h r e e  o t h e r  m e a s u re s  w ere  r e c o r d e d  on e a c h  S_ e a c h
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d a y  d u r i n g  t h e  s t u d y :  (1 )  w e i g h t ;  (2 )  w a t e r  c o n s u m p t io n ;
(3 )  d e f e c a t i o n .  E ach  S was w e ig h e d  j u s t  b e f o r e  t h e  d a y ' s  
t r a i n i n g  s e s s i o n .  H is  w e ig h t  was r e c o r d e d  and h e  was f e d  
j u s t  a f t e r  e a c h  d a y ' s  t r a i n i n g  s e s s i o n ,  e i t h e r  8 ,  9> o r  10 
gm. o f  g ro u n d  chow, d e p e n d in g  on  w h e th e r  h i s  w e ig h t  was 
u n d e r ,  e q u a l  t o ,  o r  o v e r  h i s  8 0 $  b o d y  w e i g h t .  The amount 
o f  w a t e r  S h a d  consum ed i n  t h e  2k h r s .  p r e v i o u s  t o  t h e  d a y ' s  
t r a i n i n g  s e s s i o n  was n o t e d  by  w e ig h in g  h i s  w a t e r  b o t t l e .
Two m e a s u re s  o f  d e f e c a t i o n  w ere  k e p t :  (1 )  i n  t h e  home c a g e ,  
and  (2 ) d u r in g  d a i l y  t r a i n i n g ,  b e f o r e ,  d u r i n g ,  and  a f t e r  
t h e  b u z z e r  p r e s e n t a t i o n  i f  i t  was t o  be p r e s e n t e d  t h a t  d a y .  
S ' s  a c t i v i t y  d u r in g  t h e  t r a i n i n g  s e s s i o n  was m e a s u re d  e a c h  
d a y  a s  d e s c r i b e d  i n  t h e  p r e c e d i n g  a p p a r a t u s  s e c t i o n .  ' The 
num ber o f  b a r - p r e s s e s  was n o t e d  a f t e r  e a c h  d a y ' s  t r a i n i n g  
s e s s i o n .  B o th  a c t i v i t y  and  b a r - p r e s s i n g  w ere  r e c o r d e d  a s  a 
f u n c t i o n  o f  t i m e ,  b e f o r e ,  d u r i n g ,  and a f t e r  t h e  c o n d i t i o n e d  
s u p p r e s s i o n  t r a i n i n g  t r i a l .
P r o c e d u r e . The f i r s t  12 d a y s  o f  p r o c e d u r e  c o n s i s t e d  o f  
b a r - p r e s s i n g  a c q u i s i t i o n  ( o p e r a t i o n  1 ,  T a b le  1 ) .  On Day 1 ,  
a f t e r  h a v in g  b e e n  r e d u c e d  t o  Q0% b o d y  w e ig h t  o v e r  a s e v e n -  
d ay  p e r i o d ,  and  a f t e r  23-g- h r s .  o f  d e p r i v a t i o n ,  S was p l a c e d  
i n  t h e  a p p a r a t u s . He was a l lo w e d  t o  e x p l o r e  t h e  a p p a r a t u s  
f o r  20 m in .  d u r i n g  w h ic h  t im e  E a c t i v a t e d  t h e  f e e d e r  j u s t  a s  
S a p p r o a c h e d  t h e  fo o d  cu p .  When, i n  E ' s  ju d g m e n t ,  t h i s  
s t i m u l u s  q u ic k e n e d  S ' s  a p p r o a c h ,  t h e  f e e d e r  was a c t i v a t e d
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when S was n o t  a p p r o a c h in g  t h e  f o o d  c u p .  T h is  p r o c e d u r e  
c o n t i n u e d  t h r o u g h  t h e  20 m in .  p e r i o d ,  r e s u l t i n g  i n  an  imme­
d i a t e  i n v e s t i g a t i o n  o f  t h e  f o o d  cup by  S e v e r y  t im e - E  a c t i ­
v a t e d  t h e  f e e d e r .
On Day 2 ,  t h e  p r o c e d u r e  was t h e  same as  on Day 1 ,  
e x c e p t  t h a t  E now a c t i v a t e d  t h e  f e e d e r  o n ly  when S t o  some 
d e g r e e  a p p r o x im a te d  t h e  r e s p o n s e  o f  p r e s s i n g  t h e  b a r .  The 
c r i t e r i o n  o f  d e g r e e  o f  a p p r o x i m a t i o n  was c o n t i n u a l l y  r a i s e d  
u n t i l  S a c t u a l l y  p r e s s e d  t h e  b a r ,  t h e r e b y  p r o v i d i n g  h i s  own 
r e w a rd  on a n  PR-1 s c h e d u l e .  On Day 3» Ss w ere  r a i s e d  t o  a  
VR-5 s c h e d u le  a t  t h e  en d  o f  t h e  f i r s t  5 m in .  o f  t h e  20 m in .  
s e s s i o n .  On Day U-, Ss w ere  r a i s e d  t o  a  VR-15 s c h e d u l e  a t  
t h e  en d  o f  t h e  f i r s t  5  m in .  o f  th e  20 m in .  s e s s i o n .  On 
Days 5 - 1 2 ,  30 m in .  s e s s i o n s  w ere  g i v e n  w h i l e  Ss c o n t i n u e d  
a c q u i s i t i o n  o f  t h e  VR-15 s c h e d u l e  i n  o r d e r  t h a t  S w o u ld  n o t  
s a t i a t e  d u r in g  t h e  l o n g e r  s e s s i o n  a s  h i s  a c q u i s i t i o n  c o n ­
t i n u e d .
On Day 1 3 ,  t h e  a c q u i s i t i o n  o f  c o n d i t i o n e d  s u p p r e s s i o n  
and  CER b e h a v i o r s  was b e g u n  ( o p e r a t i o n  2 ,  T a b le  1 ) .  A t 
some t im e  d u r in g  th e  b a r - p r e s s i n g  s e s s i o n  b e tw e e n  m in .  5 -2 5  > 
a c c o r d i n g  t o  a  t a b l e  o f  random  n u m b e rs ,  t h e  p r o g r a m e r  was 
a c t i v a t e d  w h ic h  p r e s e n t e d  t h e  b u z z e r ,  b u t  on t h i s  d a y  no 
sh o c k  was p r e s e n t e d .
On Days II4. - 2I4., t h e  p r o c e d u r e  was t h e  same a s  on Day 13 
e x c e p t  t h a t  a  20  ma. s h o c k  was p r e s e n t e d  f o r  t h e  2 s e c .  
f o l l o w i n g  t h e  b u z z e r .  On Days 2 5 - 2 8 ,  t h e  s h o c k  was i n -
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c r e a s e d  t o  35> ma.
F o l lo w in g  t h e  l a s t  d a y ’ s t r a i n i n g  s e s s i o n  Ss w e re  
m a tc h e d  i n t o  t h r e e  g r o u p s  on b a r - p r e s s i n g  an d  a c t i v i t y  
d u r i n g  t h e  p r e s e n t a t i o n  o f  t h e  b u z z e r  on  t h e  p r e c e d i n g  3 
d a y s .  The g r o u p s  w e r e :  (1 )  Group A ( f r o n t a l ) - ,  Ss a b l a t e d  i n  
t h e  m o s t  a n t e r i o r  a r e a  o f  t h e  f r o n t a l  l o b e s ;  (2 )  G roup L 
( l a t e r a l - f r o n t a l ) ,  Ss a b l a t e d  i n  t h e  m o s t  l a t e r a l  a r e a  o f  
t h e  f r o n t a l  l o b e s ,  and  (3 ) G roup S ( s h a m ) ,  Ss on  w h ic h  a l l  
o p e r a t i v e  p r o c e d u r e  was p e r f o r m e d  e x c e p t  t h e  s k u l l  was n o t  
e n t e r e d .
The a b l a t i o n s  ( o p e r a t i o n  3* T a b le  1 )  w e re  p e r f o r m e d  
u s i n g  a  compound g e n e r a l  a n e s t h e t i c  w h ic h  was a d m i n i s t e r e d  
t o  e a c h  S n i n e  h r s .  a f t e r  h i s  t r a i n i n g  s e s s i o n  o n  Day 2 8 .  
W h ile  S was h e l d  i n  a n  e s p e c i a l l y  f i t t e d  o r a l - n a s a l  c la m p ,  
an  i n c i s i o n  was made a lo n g  t h e  m i d - l i n e  o f  t h e  s c a l p  f ro m  
a l e v e l  j u s t  p o s t e r i o r  t o  t h e  o r b i t  o f  t h e  ey e  t o  t h e  
p o s t e r i o r  l e v e l  o f  t h e  a u d i t o r y  m e a tu s .  A f t e r  c l e a r i n g  
away u n d e r l y i n g  t i s s u e ,  t h e  s k u l l  wa3 e n t e r e d  by d r i l l i n g  a  
h o l e  i n  e a c h  o f  t h e  f r o n t a l  b o n e s .  The m e n in g e s  w ere  c u t  
an d  c o r t i c a l  t i s s u e  rem oved  w i t h  a  s m a l l  c a n u l a  (1 /3 2  i n .  
d i a m e t e r  a t  t h e  t i p )  c o n n e c t e d  to  a m e c h a n i c a l  a s p i r a t o r  
w h ic h  d e v e l o p e d  22  l b s .  vacuum p r e s s u r e .
The s k u l l  was c l o s e d  w i t h  a  p l a s t e r  o f  P a r i s - a l c o h o l  
m i x t u r e  and  t h e  s c a l p  s u t u r e d .  The o p e r a t i o n  p r o c e d u r e  
t o o k  a p p r o x i m a t e l y  20 m in .  a n d  S show ed n o  a n e s t h e t i c  
e f f e c t s  b y  t h e  end  o f  f i v e  h r s .
On D a y s '2 9 - 3 8  t h e  t r a i n i n g  s e s s i o n  p r o c e d u r e  was 
e x a c t l y  a s  on  Day 1 3 ,  t h a t  i s ,  t h e  b u z z e r  was p r e s e n t e d  
b u t  no s h o c k .  On Days 3 9 - ^ 1 ,  e x t i n c t i o n  o f  b a r - p r e s s i n g  
b e g a n  b y  t h e  e l i m i n a t i o n  o f  p e l l e t s  f ro m  t h e  f e e d e r .
RESULTS
CER and  C o n d i t i o n e d  S u p p r e s s i o n  Measur e s . P r e s e n t e d  i n  
F i g u r e  2 a r e  t h e  mean b a r - p r e s s e s  an d  t h e  mean num ber  o f  
i n t e r r u p t i o n s  o f  t h e  p h o t o c e l l s  ( a c t i v i t y )  f o r  t h e  m i n .  
b e f o r e ,  d u r i n g ,  and  a f t e r  t h e  b u z z e r  p r e s e n t a t i o n .  T h e se  
d a t a  a r e  g r o u p e d  f o r  f o u r - d a y  p e r i o d s  d u r i n g  t h e  CER a c q u i s ­
i t i o n  p h a s e s .
The c u r v e  r e p r e s e n t i n g  b a r - p r e s s i n g  f o r  Days I - I4. o f  t h e  
CER a c q u i s i t i o n  shows t h e  u n c o n d i t i o n e d  r e s p o n s e '  o f  s u p ­
p r e s s i o n  o f  b a r - p r e s s i n g  t o  t h e  s h o c k  ( p o s t - C S  i n t e r v a l ) .
The c u r v e  r e p r e s e n t i n g  Days 5 - 8  shows t h i s  e f f e c t  as  e v e n  
more p r o n o u n c e d  w i t h  t h e  c o n d i t i o n e d ' s u p p r e s s i o n  ( d u r i n g  t h e  
CS-US i n t e r v a l )  e q u a l  t o  i t .  As t h e  a c q u i s i t i o n  o f  t h e  
c o n d i t i o n e d  s u p p r e s s i o n  c o n t i n u e s ,  t h e  u n c o n d i t i o n e d  c e s ­
s a t i o n  o f  b a r - p r e s s i n g  t o  t h e  s h o c k  i s  i n s i g n i f i c a n t l y  d i f ­
f e r e n t  i n  a m p l i t u d e  f ro m  t h e  i n i t i a l  l e v e l  on  Days 1-1 | .
I n  c o n t r a s t ,  t h e  a c t i v i t y  d a t a  d u r i n g  t h e  CER a c q u i s ­
i t i o n  p h a s e  ( r i g h t - h a n d  g r a p h  i n  F i g u r e  2) shows a n  u n c o n ­
d i t i o n e d  r e s p o n s e  i s  a  b u r s t  o f  a c t i v i t y  i n  t h e  p o s t - C S  
i n t e r v a l  w h ic h  showed no ch a n g e  t h r o u g h o u t  t h i s  a c q u i s i t i o n  
p h a s e .  The s i m p l e  a n a l y s i s  o f  v a r i a n c e  showed a  s i g n i f i c a n t  
d r o p  i n  a c t i v i t y  a c r o s s  d a y s  d u r i n g  t h e  CS-US i n t e r v a l  
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r e s p o n s e  d u r i n g  t h i s  p e r i o d .
T h e re  a r e  two d i s t i n c t  d i f f e r e n c e s  t o  be  n o t e d  b e t w e e n  
t h e  b a r - p r e s s i n g  a n d  a c t i v i t y  i n  t h e s e  d a t a .  F i r s t ,  e v e n  
i n  t h i s  g r o u p e d  d a t a ,  a c q u i s i t i o n  o f  t h e  c o n d i t i o n e d  s u p ­
p r e s s i o n  o f  b a r - p r e s s i n g  i s  v i r t u a l l y  c o m p l e t e  by  Days 5 - 8 ,  
w h i l e  t h e  e f f e c t  o f  t h e  CER a c q u i s i t i o n  p h a s e  i s  n o t  n o t e d  
i n  a c t i v i t y  u n t i l  Days 9 - 1 2 .  S e c o n d l y ,  t h e  a c q u i s i t i o n  o f  
f r e e z i n g  i s  n o t  c l a s s i c a l  c o n d i t i o n i n g  s i n c e  t h e  u n c o n d i ­
t i o n e d  r e s p o n s e  t o  t h e  s h o c k  i s  a  b u r s t  o f  a c t i v i t y  n o t  
f r e e z i n g .  F r e e z i n g  "comes i n "  much l i k e  an  i n s t r u m e n t a l  r e ­
s p o n s e .
S i n c e  t h i s  c e s s a t i o n  o f  a c t i v i t y  c e r t a i n l y  c a n n o t  be ' 
c l a s s i f i e d  as  i n s t r u m e n t a l ,  t h e n  i t  seems t h a t  t h e  m o s t  
p l a u s i b l e  e x p l a n a t i o n  i s  t h a t  i t  i s  an  u n c o n d i t i o n e d  r e ­
s p o n s e  t o  f e a r  t h a t  h a d  become c o n d i t i o n e d ,  c l a s s i c a l l y ,  t o  
t h e  b u z z e r .  I t  d i d  n o t  a p p e a r  t o  t h e  b u z z e r  e a r l y  i n  t h e  
a c q u i s i t i o n  s e r i e s  d a t a  b e c a u s e  i t  was n a t u r a l l y  i n c o m p a t i ­
b l e  w i t h  t h e  b u r s t  o f  a c t i v i t y  d i r e c t l y  e l i c i t e d  by t h e  
shock-.  T h u s ,  a syndrom e o f  b e h a v i o r s  w e r e  a c q u i s i t i o n e d  t o  
t h e  CS. The f i r s t  o f  t h e s e  was c o n d i t i o n e d  s u p p r e s s i o n  o f  
b a r - p r e s s i n g ,  f o l l o w e d  l a t e r ,  i n  a c q u i s i t i o n ,  by f r e e z i n g .
F i g u r e  3 shows t h e  l e s i o n s  made i n  t h e  two e x p e r i m e n t a l  
g r o u p s .  Group A l e s i o n s ,  p r e s e n t e d  i n  t h e  l e f t - h a n d  co lu m n ,  
show one i r r e g u l a r i t y ,  and  t h a t  i s  r e p r e s e n t e d  i n  t h e  t h i r d  
b r a i n  map i n  t h a t  co lu m n .  T h i s  l e s i o n  does  i n v a d e  l a t e r a l  
a r e a s  a s  w e l l  a s  t h e  i n t e n d e d  a n t e r i o r  o n e s ,  b u t  t h e s e  i n -
G RO UP  L L E S I O N SGROUP R L E S I O N S
FIG. 3  T H E  B R A I N  M A P S
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v a d e d  l a t e r a l  a r e a s  a r e  a n t e r i o r  t o  l e v e l  t h r e e  w h i l e  t h e  
damaged l a t e r a l  a r e a  i n  Group L i s ,  i n  e v e r y  c a s e ,  p o s t e r i o r  
t o  t h i s  l e v e l .  In  s p i t e  o f  t h i s  d e v i a t i o n ,  t h e  s t a t e m e n t  i s  
t r u e  t h a t  i n  a l l  Ss i n  Group A t h e  a n t e r i o r - f r o n t a l  a r e a  was 
a b l a t e d  an d  no a r e a  b ey o n d  l e v e l  t h r e e  was damaged w h i l e  i n  
a l l  Group L Ss t h e  a n t e r i o r - f r o n t a l  a r e a  was l e f t  undamaged 
and  a  p a r t i a l  a b l a t i o n  o f  l a t e r a l  t i s s u e  j u s t  p o s t e r i o r  t o  
l e v e l  t h r e e  was p e r f o r m e d .
F i g u r e  I4. p r e s e n t s ,  b y  d a y s ,  t h e  a c t i v i t y  an d  b a r -  
p r e s s i n g  b e h a v i o r  f o r  t h e  b u z z e r  p r e s e n t a t i o n  i n t e r v a l  d u r ­
i n g  o o s t . - o p e r a t i v e  d a y s .  T h e se  d a t a  a r e  p r e s e n t e d  f o r  e a c h  
. e x p e r i m e n t a l  g r o u p .  Group S ,  t h e  s h a m - o p e r a t e d  g r o u p ,  i s  
n o t  r e p r e s e n t e d  b e c a u s e  i t  was i n s i g n i f i c a n t l y  d i f f e r e n t  
-■from Group A w h i c h ,  t h e r e f o r e ,  i s  t h e  b e t t e r  c o n t r o l  c o n d i ­
t i o n .
On t h e  f i r s t  and  s e c o n d  p o s t - o p e r a t i v e  d a y s ,  c e s s a t i o n  
o f  b a r - p r e s s i n g  was p r a c t i c a l l y  c o m p l e t e  d u r i n g  t h e  b u z z e r  
and  no d i f f e r e n c e s  b e t w e e n  g r o u p s  a r e  s i g n i f i c a n t .  The 
a c t i v i t y  f o r  t h e s e  d a t a  a l s o  p r e s e n t  no  s i g n i f i c a n t  d i f f e r ­
e n c e s  b e t w e e n  g r o u p s .  However ,  on t h e  t h i r d  and  f o u r t h  
p o s t - o p e r a t i v e  d a y s ,  t h e  a c t i v i t y  o f  Group L (Ss w i t h  a 
l a t e r a l l y  l o c a t e d  l e s i o n )  showed a  s i g n i f i c a n t  i n c r e a s e  
d u r i n g  t h e  b u z z e r  a s  i n d i c a t e d  by  t h e  s i g n i f i c a n t  m a in  
e f f e c t  o f  t h e  a n a l y s i s  o f  v a r i a n c e  p r e s e n t e d  i n  T a b le  2 .
The f r e e z i n g  com ponen t  o f  t h e  CER was c o m p l e t e l y  o b l i t e r a t e d  
w i t h o u t  a n y  c o r r e s p o n d i n g  i n c r e a s e  i n  b a r - p r e s s i n g  f o r  t h i s
GROUP A
GROUP L ~
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p e r i o d ;  T h i s  phenomenon o c c u r r e d  f ro m  t h e  t h i r d  p o s t - o p e r -  
atiVjQ day  t h r o u g h  t h e  e i g h t h .
On t h e  n i n t h  and t e n t h  p o s t - o p e r a t i v e  d a y s ,  t h e  s i g n i f ­
i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  two e x p e r i m e n t a l  g r o u p s  o n  
a c t i v i t y  d i s a p p e a r e d  a s  i n d i c a t e d  by  t h e  t * s  p r e s e n t e d  i n  
T a b le  2 .  P r e s u m e d l y  t h i s  was due t o  c l a s s i c a l  e x t i n c t i o n  i n  
Group A s i n c e  no s h o c k  was p r e s e n t e d  p o s t - o p e r a t i v e l y .
T o t a l  B a r - p r e s s i n g . D u r in g  a c q u i s i t i o n ,  t o t a l  number  o f  
b a r - p r e s s e s  r e a c h e d  a p p r o x i m a t e l y  2 , 0 0 0 .  The p o s t - o p e r a t i v e  
d a t a  show a s i g n i f i c a n t  r e c o v e r y  f r o m  t h e  o p e r a t i o n  w i t h  
Group S ( t h e  s h a m - o p e r a t e d  a n i m a l s )  c o n s i s t e n t l y  h i g h e r ,  b u t  
s t a t i s t i c a l l y  t h i s  i s  n o t  s i g n i f i c a n t .  E x t i n c t i o n  d a t a  
showed no  d i f f e r e n c e s  b e t w e e n  e x p e r i m e n t a l  g r o u p s .
To t a l  A c t i v i t y .  A c t i v i t y  d e c r e a s e d  s i g n i f i c a n t l y  p o s t -  
o p e r a t i v e l y ,  b u t  t h e  e x p e r i m e n t a l  .cjroup d i f f e r e n c e s  do n o t  
r e a c h  s i g n i f i c a n c e  e x c e p t  t o t a l  a c t i v i t y  r e a c h e d  p r e - o p e r ­
a t i o n  l e v e l s  b y  t h e  s e c o n d  p o s t - o p e r a t i v e  d a y .
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TABLE 2
A n a l y s i s  o f  V a r i a n c e  o f  t h e  P o s t - o p e r a t i v e  A c t i v i t y  D a ta
B e tw een  Ss
S o u r c e  d f  MS
E x p e r i m e n t a l
G roups  (E .  G . )  1 3315*3  53*2  < . 0 1
E r r o r  6 6 2 . 3
W i t h i n  Ss  72
Days ( D . ) 9 2 6 8 . 0  2 . 1 9
E. G. X D. 9 2 7 0 . 8  2 . 2 1
E r r o r  %b 1 2 2 . 6
T o t a l  79
Be tw een  Groups  t ' s  f o r  I n d i v i d u a l  Days 




6 3*22  < . 0 1
6 . 6 1
6 . 2 5
DISCUSSION
The Loss of Freezing in Group L. Alternative one of 
the introduction (the specific-effeet alternative) cannot 
claim much support from Group L since these Ss did not 
return to bar-pressing when freezing disappeared. The lat­
eral lesion, although it was the effective one, left the 
conditioned suppression unharmed.
Upon first investigation of the data pertaining to the 
performance of the CER after the operations, it would seem 
that alternative two of the introduction (hyperactivity 
interference) was supported. The freezing component of the 
CER had disappeared, yet bar-pressing had not resumed. One 
might therefore argue in favor of the "interference alter­
native" of hyperactivity. Yet bar-pressing outside of the 
CS-presentation interval was unaffected and no hyperactivity 
was noted at that time (outside of the CS-presentation in­
terval). If the interference of hyperactivity were to be 
generally true, then bar-pressing, inside or outside the CS- 
presentation interval, should have shown a decrement. How­
ever, it was only during the CS that activity had increased.
The situation, in brief, is that the lateral-frontal Ss 
showed renewed activity, but only in the CS interval and no 
decrement in bar-pressing or increase in activity during
22
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o t h e r  p e r i o d s .  So i t  seem s t h a t  a l t e r n a t i v e  o n e ,  r e f e r r i n g  
t o  a s e l e c t i v e  e f f e c t  o f  t h e  l e s i o n ,  i s  i n a d e q u a t e  b e c a u s e  
t h e  a f f e c t e d  Ss d i d  n o t  r e t u r n  t o  b a r - p r e s s i n g  d u r i n g  t h e  
CS, an d  a l t e r n a t i v e  tw o ,  r e f e r r i n g  t o  t h e  i n t e r f e r e n c e  o f  
h y p e r a c t i v i t y ,  i s  i n a d e q u a t e  b e c a u s e  Ss d i d  n o t  show a 
d e c r e m e n t  i n  b a r - p r e s s i n g  o u t s i d e  t h e  CS i n t e r v a l .
A t h i r d  a l t e r n a t i v e  s u g g e s t s  i t s e l f  when one c o n s i d e r s  
t h e  m an n e r  i n  w h ic h  t h e  CER was l e a r n e d .  The a c q u i s i t i o n  
d a t a  on t h e  CER i n d i c a t e  t h a t  i t  i s  t h e  c o n d i t i o n e d  s u p ­
p r e s s i o n  o f  b a r - p r e s s i n g  t h a t  i s  t h e  m o s t  s e n s i t i v e  and  t h e  
e a r l i e s t  i n d i c a t o r  o f  a c q u i s i t i o n  d u r i n g  t h e  b u z z e r - s h o c k  
s e r i e s .  The t h i r d  a l t e r n a t i v e  m i g h t  be t h a t  t h e  l a t e r a l  
l e s i o n  h a d  a p a r t i a l  d e c r e m e n t a l  e f f e c t  on t h e  l e a r n e d  b e ­
h a v i o r  t o  s h o c k  an d  b r o u g h t  a b o u t  a c t i v i t y  w h ere  i n  t h e  
l a t e r  s t a g e s  o f  a c q u i s i t i o n  t h e r e  was f r e e z i n g ,  t h e  l a s t  
r e s p o n s e  t o  be l e a r n e d  t o  t h e  s h o c k .  But  t h i s  e f f e c t  was 
n o t  t o  t h e  e x t e n t  o f  l o s i n g  t h e  c o n d i t i o n e d  s u p p r e s s i o n ,  t h e  
r e s p o n s e  l e a r n e d  f a s t e s t ,  an d  t h e r e f o r e  t h e  more  o v e r l e a r n e d  
r e s p o n s e .  I n  o t h e r  w o r d s ,  t h e  s e l e c t i v i t y  may be  a f u n c t i o n  
o f  t h e  d e g r e e  o f  l e a r n i n g  r a t h e r  t h a n  t h e  a b l a t i o n  d i r e c t l y .
The P a r t i c u l a r  Locus o f  t h e  L e s i o n .  S i n c e  o n l y  t h e  l a t ­
e r a l  l e s i o n  p r o d u c e d  a l o s s  ( o f  b o t h  f r e e z i n g  and  b a r -  
p r e s s i n g  t o  t h e  CER) an d  no s u c h  l o s s  i s  n o t e d  w i t h  t h e  
a n t e r i o r  l e s i o n ,  a r e - e x a m i n a t i o n  o f  t h e  Maher  and  M c l n t i r e  
p a p e r  seems i n  o r d e r .  I n  t h a t  s t u d y  a v e r y  e x t e n s i v e  l e s i o n  
was p e r f o r m e d ,  t h e  e x t e n t  o f  w h i c h  I s  shown i n  F i g u r e  5»
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This lesion invades the locations of both of the lesions 
done in the present study. It is a frontal lesion in the 
broad sense, that is, it is in the front part of the brain, 
but further data from Woolsey and LeMessurier, adapted from 
Zubeck (1951) (see Figure 5>)> indicate that motor area I may 
be included in this extensive lesion, and also included in, 
what is called here, the lateral lesion. This area is shown 
in Figure and leaves only a small area in Figure 5 as the 
true prefrontal area. Although the Maher and Mclntire le­
sion includes this prefrontal area, it also includes part 
of motor area I. It is in this included area of motor area 
I that the present study localizes the lesion producing the 
loss of the freezing component of the CER.
Although it is not hard to see why Maher and Mclntire 
observed this loss, also having included this area in their 
ablation, the reason as to why damage in this particular 
motor area should cause a partial decremental effect in 
freezing is not understood.
Since these areas are mapped on the basis of their 
capability to initiate a motor response under direct stimu­
lation, paralysis would seem to be a plausible prediction.
No paralysis was noted in either the Maher and Mclntire 
study or the present one. This observation is further veri­
fied by the fact that no decrement was evident in bar-press­
ing, a rather complicated motor response, in the present 
study except during CS presentation. The demonstrated phe-
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noraenon is an increase in motor activity, not something 
easily associated with paralysis.
One explanation as to why this third alternative seems 
to hold might be that a more subtle type of control has been 
damaged, not the control over the initiation of the response 
such as paralysis, but the control ove£ response amplitude. 
Thus, when an S with this particular lesion attempted to 
freeze, the responses which were, before, small movements of 
the head, etc. (therefore unrecorded as breakings of the 
beams), overshot their intended amplitude, resulting in 
locomotor activity. When the buzzer was off and bar-press­
ing activity was initiated, only a measure of pressure 
exerted on the bar would have shown any post-operative 
change.
In a pilot study for this paper, a significant decre­
ment in bar-pressing was noted in the group receiving an 
extensive lesion x^ithin motor area I. At that time E made 
several notations that S did not seem to have the proper 
proprioceptive feedback. That is, S responded in a way 
which resembled bar-pressing, but these responses were of 
an ineffective amplitude, such as "pawing at the bar, " 
"holding down the bar for an exaggerated length of time." 
Possibly with larger lateral lesions a similar phenomenon 
would have been noted in the major study.
The introduction of this paper begins by citing
studies which have attempted to determine the effect of
\
frontal ablation on anxiety. Most of these studies use
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activity in some way as a response measure and report 
hyperactivity post-operatively which has reduced freezing. 
Perhaps due to the close spatial relationship of motor area 
I and the prefrontal area, most of this literature actually 
reports a phenomenon which is brought about by a motor le­
sion, and has nothing to do with a more generalized effect, 
justifying the term anxiety. It may simply be over-re­
sponding.
Of course, no study, including the present one, makes 
a direct test of this hypothesis. It is a post hoc expla­
nation. However, several experimental designs come to 
mind: (1) a study employing bar-pressing as the acquisi- 
tioned response followed by ablation of premotor area I and 
a test using a pressure exerted on the bar as a measure of 
over-responding; (2) a study similar to number one in which 
only a certain pressure on the bar is effective, no more or 
no less (this alternative would predict a great decrement in 
response rate); (3) studies similar to numbers one and two, 
manipulating placement of the lesion within motor area I.
Of course, many previous studies need repeating, using only 
the motor area I lesion to soe if the various effects demon­
strated could be replicated with this particular lesion.
There seems to be little doubt that whatever the 
function of the frontal area, it is closely connected with 
the motor activities of the cortex. Its very location in 
relation to known motor areas makes it suspect. Whether
a n y  s t u d y  h a s  b e e n  a b l e  t o  s e p a r a t e  i t s  a c t i v i t i e s  f ro m  
o t h e r  m o t o r  a c t i v i t i e s  r e m a i n s  t o  b e  s e e n ,  b u t  t h e s e  p o i n t s  
make t h e  f r o n t a l  a r e a  a s  p a r t i c i p a t o r  i n  i n t r i c a t e  m o t o r  
a c t i v i t y  a n  u n a v o i d a b l e  c o n s i d e r a t i o n .
SUMMARY
An animal study has been conducted which was designed 
to determine further the nature of the extinction of the 
freezing component of the conditioned emotional response 
following frontal ablation. .
Two alternative outcomes were considered possible in 
this experiment. One was that a frontal lesion would only 
eliminate the conditioned freezing component and nothing 
else. The other alternative was that the extinction of the 
freezing component was the result of incompatible general­
ized hyperactivity brought ab^it by the frontal lesion.
The former of these alternatives implies that once the 
operation is performed, the animal would discontinue freez­
ing and resume the behavior most probable, whereas the 
second alternative would assume that hyperactivity would 
compete with any other discrimination oehavior as well as 
freezing. Therefore, the study was designed using a 
Skinner-box in which a bar-pressing habit was trained and a 
conditioning paradigm (buzzer and shock) was introduced 
during the bar-pressing session in later acquisition 
stages. Thus, S exhibited conditioned suppression of bar- 
pressing in addition to freezing.
Two different lesions were performed; one was a bi-
29
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lateral lesion in the most anterior region of the frontal 
area, and the other was a lateral lesion slightly posterior 
to this location. A group of sham-operated animals was also 
included.
Among the most significant findings was that only the 
freezing component of the syndrome of behaviors conditioned 
to the buzzer was extinguished by the operations (condi­
tioned suppression of bar-pressing was unaffected).
This first finding was viewed as only partial support 
for the alternative that it is incompatible hyperactivity 
rather than a specific effect which accounts for the decre­
ment in freezing. Some reservations were, however, ex­
pressed: (1) hyperactivity was not demonstrated in the over­
all activity measure, and (2) bar-pressing in other periods 
(i.e., when the CS was not present) showed no decrement.
With the additional finding that the loss of the freez­
ing component was observed only in the lateral lesioned 
group, the following explanation was offered.
The discussion pointed out that the locus of the ef­
fective lesion is a part of motor area I, and further, that 
this area was included in many lesions reported in papers 
demonstrating hyperactivity. It is therefore suggested that 
the control that this area has over motor behavior was con­
cerned with amplitude of ''out-going" responses. When this 
area is damaged, the animal over-responds and the resulting 
behavior has come to be called hyperactivity. If this is
the case, then an animal may "unfreeze" after frontal abla­
tion simply because the small amplitude responses which the 
animal made while freezing before ablation are now large 
amplitude responses. Conditioned suppression of bar-press­
ing was not affected because this over-responding would not 
be directed toward bar-pressing any more than the pre-oper­
ative small amplitude responses mentioned above. Further­
more, conditioned suppression of bar-pressing was the more 
overlearned response, and therefore possibly more resistant. 
Thus, bar-pressing outside of the conditioning session 
would be unaffected because bar-pressing is not as dependent 
upon response amplitude as is. general activity. Since bar- 
pressing did continue, incompatible generalized activity 
measures showed no Increase.
Concluding remarks of the discussion suggest experi­
mental designs which might bring forth further evidence 
concerning the role of motor area I and the prefrontal area 
in response amplitude control.
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